The suitability of two polychaete worms, Australonereis ehlersi and Nephtys australiensis, and three bivalves, Mysella anomala, Tellina deltoidalis, and Soletellina alba, were assessed for their potential use in wholesediment toxicity tests. All species except A. ehlersi, which could not be tested because of poor survival in water-only tests, survived in salinities ranging from 18‰ to 34‰ during the 96-hour exposure period. No mortality was observed in any of the species exposed to sediment compositions ranging from 100% silt to 100% sand for 10 days, thus demonstrating the high tolerance of the five species to a wide range of sediment types. All species showed decreased survival after exposure to highly sulfidic sediments in 10-day wholesediment tests. In 96-hour water-only tests, survival decreased, and copper accumulation in body tissues increased with exposure to increasing copper concentration for all species except A. ehlersi, which again could not be tested because of its poor survival in the absence of sediment. S. alba and T. deltoidalis were the most sensitive species to aqueous copper (LC50s of 120 and 150 μg Cu/L, respectively). All species tested were relatively insensitive to dissolved zinc up to concentrations of approximately 1,000 μg/L. In addition and with the exception of N. australiensis, all species accumulated significant levels of zinc in their body tissues. Wholesediment tests were conducted over a 10-day period with copper-spiked (1,300 μg/g) and zinc-spiked (4,000 μg/g) sediments equilibrated for sufficient time to ensure that pore water metal concentrations were well below concentrations shown to have any effect on organisms in water-only tests. Survival was decreased in the bivalves T. deltoidalis and S. alba after exposure to copper-spiked sediments, and all species-except T. deltoidalis, in which 100% mortality was observed-accumulated copper in their tissues. Exposure to zincspiked sediments significantly decreased the survival of only one species, T. deltoidalis. Both polychaetes appeared to regulate concentrations of zinc in their body tissues with no significant uptake of zinc occurring from the sediment phase. Of the five species assessed in this study, T. deltoidalis was found to be the most sensitive to copper-and zinc-contaminated sediments, and based on commonly used selection criteria (ASTM 2002a(ASTM , 2002b(ASTM , 2002c) is recommended for development as test species in whole-sediment toxicity tests. mortality was observed in any of the species exposed to sediment compositions ranging from 100% silt to 6 100% sand for 10-d, demonstrating the high tolerance of the five species to a wide range of sediment types.
Introduction

26
Owing to the very limited information on the biological effects of contaminated sediments and the sensitivity parameters. Physico-chemical parameters include dissolved oxygen, temperature, pH, hardness, salinity and 7 organic components (Luoma 1990; Ingersoll et al. 1997; Chapman et al. 1998 ). An organism's feeding 8 behaviour, respiration, mobility, and where and how it lives, are key biological factors affecting metal uptake 9 and the toxicity of metal contaminated sediments (Luoma 1990 ; Langston and Spence 1995; Ingersoll et al. 
11
Organisms used in sediment toxicity tests are intended to be generic representatives of species in the benthic 12 community from which they are obtained (Ingersoll et al. 1997) . As both the feeding and behaviour of an 13 organism directly affect its exposure to contaminants within sediments, it is essential to select a range of . It grows to a length of 20 cm, completes its life cycle within 1 to 1.5 years, and is thought to 31 reproduce by epitoky and/or brooding of eggs in burrows (Glasby et al. 2000) .
32
Nephty australiensis (Fam. Nephytyidae) is common and endemic to estuarine areas in south-eastern 4 nephtyids in Australia have been undertaken. Like the majority of nephtyids, it is thought to feed primarily 1 as a predator on small molluscs, crustaceans and other polychaetes. It may also feed on deposited sediments 2 in the subsurface layer when prey items are scarce (Glasby et al. 2000) . This species is likely to reproduce 3 by broadcast spawning, external fertilisation of gametes and planktonic development of larvae in the water 4 column (Glasby et al. 2000) .
5
Mysella anomala (Fam. Galeommatidae) is a common bivalve found in estuaries and coastal areas in New 6 South Wales, Australia (Ponder 1998; Ponder et al. 2000) . It grows to a length of approximately 20 mm, and 7 is a shallow burrower to depths of up to 10 cm. The biology of this species has not been studied but it is 8 thought to be free living. Like other members of this family, it feeds by filtering suspended particles from 9 overlying waters and the larvae are brooded within the shell (Ponder 1998; Ponder et al. 2000 
15
Soletellina alba (Fam. Psammobiidae) is endemic to Australia, inhabiting estuaries and sheltered bays from 16 mid Queensland to South Australia. The thin and fragile shell of S. alba grows to a length of 50 mm, and 17 this species burrows up to depths of 300 mm. The biology of this species has not been studied but it appears 18 to filter feed on particulate matter, collected from the overlying water using its long inhalant siphon, which 19 can protrude well above the surface of the sediment (King, pers. obs.). It may also deposit feed on sediments 20 and detritus, and probably reproduces by broadcast spawning with planktotrophic larvae (Ponder 1998;  21 Willan 1998; Ponder et al. 2000) .
22
In this study, survival of organisms and bioaccumulation of copper and zinc following 96-h water-only and 23 10 -day spiked-sediment exposures were investigated. Recommendations are made on the suitability of these 24 organisms as test species, and on the additional studies required to better develop these species for use in 25 whole sediment toxicity testing.
27
Materials and Methods
28
Test media
29
Clean seawater was collected from Port Hacking, Sydney, Australia, membrane filtered (0.45 µm), and 30 acclimated to the room temperature of 21±1°C. Where necessary, the salinity of the filtered seawater was 31 adjusted to the test salinity of 30‰ using Milli-Q deionised water (18 MΩ; Milli-Q Academic Water 32 System). 
12
Clean Sydney Sand was purchased locally and used in particle size tests and for depuration of A. ehlersi at 
26
In the laboratory, containers holding test organisms were submerged in plastic trays (30×50 cm) and covered 27 with filtered seawater at the same salinity as the collection site. The overlying water in trays was aerated and 28 monitored daily to ensure appropriate salinity, dissolved oxygen levels and water circulation were respectively. While for three of the test species this is higher than the recommended load of 0.8 g/L for aqueous tests (ASTM 1996) , beakers were bubbled with air so that dissolved oxygen levels did not fall 1 below 90% saturation. In addition, these densities are similar to those observed in the field at collection sites 2 and hence organisms were not overcrowded and did not appear to be stressed. For each experiment, 4 3 replicate beakers were used per treatment, except for the particle size and salinity tolerance tests with 4
Nephtys australiensis, in which 2 replicate beakers only were used, due to insufficient numbers of animals.
5
Tolerance to environmental factors
6
The tolerance of organisms to the physical parameters tested was determined as the percent survival of 7 organisms at the termination of tests. The tolerance to salinities ranging from 0 to 34 ‰ was investigated in 8 water-only tests. Each salinity treatment was prepared by adding Milli-Q water to filtered seawater to 9 achieve the desired salinity and was checked with a salinity meter. The tolerance of organisms to sediments 10 with different particle size ranges was tested using 10-day whole sediment tests with particle size 11 compositions ranging from 100% silt (<63 µm) to 100% sand (0.5-1 mm) in 25% increments. These 12 treatments were prepared from mixtures of clean sand (100% Sydney sand) and control sediment from the
13
Woronora River (100% silt). The tolerance of organisms to anoxic, sulfide-rich sediments was assessed in 
14
Results and Discussion
15
16
Tolerance to key physical factors including salinity, sediment particle size and oxygen conditions within 17 sediments were used to determine the suitability of species for testing a range of different sediment types and 
27
For all species (excluding A. ehlersi, which was not tested due to its inability to survive in water-only 28 exposures), survival of organisms was >95% in the control filtered seawater and was reduced following 29 exposure to increasing concentrations of dissolved copper (Figure 2a) . The effects concentrations calculated 30 using the initial and mean (of initial and final) dissolved copper concentrations, are shown in Table 1 .
31
Mysella anomala was the least sensitive species, with an LC50 value (mean data) ten times greater than that 32 of the other species (1500 µg/L, Table 1 ). This is similar to the sensitivity reported for the bivalve worm, N. australiensis, had an LC50 value of 210 µg/L for copper and was similar in sensitivity to 1 polychaete species reported elsewhere, including Neanthes arenaceodentata (LC50 = 300 µg/L; Reish et al. 
3
Zinc was much less toxic to all test species than copper in water only exposures (Tables 1 and 2 ). The effect 4 concentrations calculated for the dissolved zinc exposures are shown in Table 2 . Not all species had graded 5 responses to exposure to increasing dissolved zinc concentrations, unlike exposure to copper. For N.
6 australiensis and T. deltoidalis, no effect on survival was observed in dissolved zinc concentrations up to 7 5900 and 7900 µg/L, respectively (initial data, Table 2 ). While survival of the bivalves, M. anomala and S. were also quite insensitive to zinc (LC50 values of 4400 and 4900 µg/L, respectively, Table 2 ).
10
Sensitivity to sediment-bound copper and zinc
11
During whole-sediment tests, the metal-spiked sediments had pH of 7. 
28
For all test species, survival in the control sediment was high (>95%). Exposure to zinc-spiked sediments 
13
100% mortality occurred and no animals were available for measurements) also accumulated copper in their 14 tissues following exposure to copper-spiked sediments, and concentrations of copper in animals exposed to 15 copper-spiked sediments were significantly higher than the controls (P<0.05 or P<0.01; Figure 5a ).
16
Concentrations of zinc in body tissues of all three bivalves were also significantly higher in animals exposed 17 to zinc-spiked sediment than in those exposed to control sediments (P<0.01; Figure 5b ). Mysella anomala 
21
anomala in water-only tests indicate that the dissolved phase is an important exposure pathway to metals.
22
These findings are consistent with the living habits of M. anomala and its filter-feeding behaviour (Ponder 
24
In water-only tests, T. deltoidalis accumulated high levels of copper (up to 380 µg/g DW) in its tissues 
10
Accumulation of copper via water exposure occurred in S. alba but was lower at the limit of its tolerance 11 range than that in other species at their tolerance range limits. In the copper-spiked sediments, however, the 
31
To test the tolerance of the invertebrate species to copper and zinc-contaminated sediments, it was desirable 32 to use sediments containing copper or zinc that were free of other contaminants. sediments are 1300 and 4000 µg/g dry wt, respectively; mean ± SE; P<0.01 indicated by **). Table 1 . Acute toxicity data for 96-h water-only copper exposures 1
